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[57] ABSTRACT 
A carbonaceous residue or char having novel properties 
is produced from particulate agricultural waste mate-
rial, such as peanut shells, which upon heating exhibits 
an exothermic decomposition into an off gas component 
and a solid component in which the off gas component 
is more highly reactive to oxygen than is the solid com-
ponent. By introducing air into the reaction zone 
whereat the decomposition is effected and controlling 
the amount of air so introduced such that not all of the 
off gas component may be oxidized, the preferential 
reaction of the air with the off gas component will 
protect the solid component from any significant oxida-
tion while at the same time it will elevate the tempera-
ture in the reaction zone sufficiently to effect substan-
tially complete decomposition of the material so that 
the recovered product is of very high carbon content. 
At the same time, a temperature gradient is established 
in the reaction zone which will allow some of the vapor 
component of the decomposition (i.e. heavier tars) to 
condense on the solid component at cooler regions for 
subsequent reintroduction into the high temperature 
regions so that the latent carbon content of these tars 
may also be recovered. The throughput or residence 
time of the material through the reaction zone and the 
amount of air introduced (to control the maximum reac-
tion temperature as well as the temperature gradient) 
are controlled in related manner to recover more or less 
of the heavier tar residue. 
2 Claims, 5 Drawing Figures 
AIJO/T/Y£5 
fi:JPTION.4l) 
PEANUT NUll..5 
8,000 #HR. 
J6 
4Q 
8 
CONOEN.5£R. ........ ~~ LIQUID 
4J78'f/HR. 60 
LOADING 
NOPPER 
Z8 
44 
8UllN£12. 
42 
£%/./AUST 
l'COM/Jl/5TION1 t. · GA5£5 '/ 
WATER JOO #//Ill. 
VOLAT/l£5 YAPtJR.5t:t 
52 
54 
AIR 
rooo FT. ft!R. 50 
6 
58 
CNA/2. 
!667#/HR. 
U.S. Patent Mar. 20, 1979 Sheet 1 of 4 4,145,256 
PEANUT l/Ull.5 
8,000 :fl: HR 
28 
LOADING 
llOPPEP. 
FIG 1 
.J6 
r. .,, ....... 
3
_
8
.....,. LIQUID 
1.rJNOENS£1e 4J7B #/#/2; 
40 WATER JOOi#/llfl. 
.JO 
VOi.ATiLES VAA'Jli'S~ 
52 \ J4. 
AOO/TIY£5 
tbPT/ONAI.) 
I/Nil. 
... ,54 
REACTION i---~ COOLER · GRINDEil 1---j~ Cl/AMBER 
44 
BURN£/2. 
42 
EXHAUST 
rCOMtJUST/ON> 
t• GA5£5 / 
Fl G 2 
AIR 
!000 Fl H/ll. 
50 58 
CHAR. 
·2667#/HR. 
U.S. Patent Mar. 20, 1979 Sheet 2 of 4 4,145,256 
FIG 3 
U.S. Patent Mar. 20, 1979 Sheet 3 of 4 4,145,256 
110 
94 
/54 94 
/00 
100 
lt.2 
130 
FIG 4 
U.S. Patent Mar. 20, 1979 Sheet 4 of 4 4,145,256 
t4Z 
FIG 5 
1 
4,14S,2S6 
2 
MEI'HOD AND APPARATUS FOR PRODUCING A 
CARBONACEOUS RESIDUE PRODUCT 
This is a continuation of application Ser. No. 82,602, 
fded Oct. 21, 1970 and now abandoned, and ofapplica-
tion Ser. No. S7S,794, fded May 8, 1975 and now aban· 
doned, and of application Ser. No. 701,248, filed June 
30, 1976 and now abandoned. 
BACKGROUND OF THE INVENTION 
BRIEF DESCRIPTION OF THE ORA WINGS 
FIG. 1 is a vertical section taken through one em· 
bodiment of the invention; 
s FIG. 2 is a flow diagram illustrating a continuous 
process of the system according to the invention; 
FIG. 3 is a perspective view partly broken away 
illustrating a preferred embodiment of the invention; 
FIG. 4 is a vertical section taken through the embodi· 
10 ment shown in FIG. 3; and 
FIG. 5 is a perspective view partly broken away 
showing the chamber and related components of the 
embodiment shown in FIG. 3. 
DETAILED DESCRIPTION OF THE 
INVENTION 
Peanut shells as an agricultural waste material repre· 
sent a serious disposal problem to processing plants. 
The most common form of disposal is incineration, but 
the emissions from these incinerators are of extremely 
high volume and it is moreover expensive to operate lS 
them due to the necessity for frequent replacement of 
the refractory linings of the incinerators. Contemporar- :ro. illustrate an apparatus f~r ~~gout the b~c 
ily, the disposal problem associated· with peanut shells is pnnc1ples of the me~Od of this mven~on, reference is 
difficult, but in the near future will become acute with had t~ F~G. 1 wherem a body 1.0 of swtable refractory 
the assa e of federal and state regulations governing 20 ~terial 1~ so formed as to provide a generally hoppe~-
. p ll : like react10n chamber 12. The bottom of the chamber IS 
air ~e: :e~ods of disposal have been attempted, such provided with a grate assembly 18 whic~ may be man~-
burial d Ii t k ti d fiill b t ha ally actuated and the top of the reaction chamber is as an use as a ves oc ee er, u ve f · bl 1 ha · tisf: t rimaril ti th ns th t covered by means o a swta e top p ate 14 vmg an 
proven unsa ac ory . ~ . Y or e reaso a 2s opening 16 which may serve both as a charging opening 
tremendous bulk quantif:!es are ~volved ~~· moreover, and as a flue opening for discharging gaseous products, 
the _peanut shells contain a resi~ual pesticide. content. as hereinafter described in detail. 
B~1de the ~roblem ~f.the bulk m':olved! b~ tr~- A collection chamber 20 is provided beneath the 
rmts the residual pesticide to the soil, whi~h IS undesir- reaction chamber for receiving the reaction product 
able. If the. peanut s~ells are ~ for hve~t~k feed 30 and a water spray manifold 22 is located within the 
fillers, the livestock. mg~t the residual pes~cide con- collection chamber to cool the product below its igni-
tent. In any use whic~ mvolv~ transportation of the tion temperature, as hereinafter explained. 
peanut. shells, the question of their sheer bulk represents Although the preferred embodiment of apparatus and 
a considerable cost factor. method involves continuous production techniques, the 
BRIEF SUMMARY OF THE INVENTION 3S batch process apparatus of FIG. 1 is disclosed to illus-
trate that batch as well as continuous operation falls 
The present invention is directed to method and ap· within the broader scope of this disclosure. 
paratus by means of which agricultrual waste material The agricultural waste product, in this case peanut 
such as pean~ shells may be converted to. carbonaceous shells, is charged into the reaction chamber 12 so as 
product .havmg novel and useful prope~es. . . 40 substantially to fdl it and, to this end, it will be appreci-
Material, such as peanut shells, which .exhibits de- ated that the cover14 may be removed for this purpose 
structive decomposition in which a decomposition com- or, the charge may be introduced through the opening 
ponent is an off gas which is more highly reactive to 16. Waste materials such as peanut shells contain about 
oxygen than is the carbonaceous solid residue or char, 80% by weight cellulose and liguin and also contain 
may be converted to a novel and useful product which 4S pentosans as well as the usual moisture. They are char-
is of high carbon content. . . acterized by the fact that upon being heated to a tem· 
The product is useful as a fuel, for example, or it may perature of about 450• F., a self-sustaining exothermic 
be used as a fdter material, being highly satisfactory for decomposition commences in which an off gas compo-
the latter purpose because of the inherently high surface nent of this decomposition is extremely reactive with 
area per unit weight of the resultant product. so oxygen. · 
The method aecording to this invention involves the According to the present invention as disclosed in 
concept of confining the waste material in a reaction FIG. 1, the self-sustaining decomposition of the peanut 
chamber wherein the exothermic, self-sustaining de- shell charge is initiated by briefly energizing the electri-
composition of the material is initiated, followed by the cal resistance heating wire 24 located near the bottom of 
controlled introduction of air into the reaction zone so ss the reaction chamber 12. Below this heating element an 
that the temperature is elevated ultimately to yield the air inlet manifold 26 is disposed and air is introduced 
desired product but with the control of air introduced thereby into the reaction chamber in controlled amount. 
being such that its preferential reaction with the off gas Specifically, the amount of air introduced is such that 
prevents any significant reaction with the desired prod- the oxygen content thereof is not sufficient completely 
uct. This is accomplished by avoiding the introduction 60 to oxidize the aforesaid off gas component. Therefore, 
of that amount of air which would be effective fully to the air reacts preferentially with this off gas component, 
oxidize the off gases. Thus, even though the recovered without any significant oxidation of the solid residue, 
product is itself so highly reactive that it requires cool- and at the same time, the reaction temperature is in-
ing to a temperature below about 240° F. to prevent its creased substantially so as utlimately to yield the de-
ignition when exposed to the atn,osphere outside the 6S sired char product which migrates to the grate 18 for 
reaction chamber, no significant oxidation of the prod- discharge to the chamber 20. The product is character-
uct occurs in the reaction chamber even though local ized in this way by very high carbon content, in excess 
temperature therein may exceed 2700° F. of 90% by weight, and by an extremely high surface 
3 
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area per unit weight, in the order of at least about 100 the collection box upon loading and consequently were 
square meters per gram. The product is highly active not heated at all. 
and will ignite in air at about 240° F. For this reason, the In another test, with the refractory 10 preheated as 
discharged product must be cooled below its ignition before, approximately 43 pounds of peanut shells were 
temperature as soon as it is discharged from the reaction 5 charged into the chamber 12, the reaction initiated with 
chamber, the cooling spray 22 being for this purpose, the electrical heater and then continued and sustained 
It will be appreciated that the maximum reaction with air injection with the heater power disconnected. 
temperature occurs in the vicinity of the air inlet mani- Periodic "shakedown" was utilized and the processing 
fold and that it is in this region whereat the final decom- time for the entire run was 22 minutes at a maximum 
position and conversion to the end product takes place. 10 reaction temperature of 1810° F. 
Above this region and extending upwardly to the top of The carbonaceous residue collected from the above 
the reaction chamber whereat the partially oxidized runs, and others, was collected and measured for den-
gaseous products are discharged through the opening sity and then ground and briquetted, yielding the fol-
16, a decreasing temperature gradient will exist. As a lowing densities: 
result, some of the vapor component of decomposition 15 Original shell - 6.4 
(i.e. heavier tars) will condense on the shells at the level Carbonaceous residue - 5.5 
or levels of cooler strata above the air inlet region so Powered residue - 29.9 
that these tars will later decompose and leave a carbo- Compacted briquettes - 40.0 
naceous residue when the shells upon which they are All densities being pounds per cubic foot. 
condensed migrate to the region whereat the maximum 20 A block diagram of apparatus for continuous produc-
reaction temperature exists. As will be explained later, tion of char from peanut shells is shown in FIG. 2. In 
this effect is important not only in contributing to the this Figure, reference character 28 illustrates a hopper-
novel physical characteristics of the carbonaceous resi- feeding device which continuously feeds the peanut 
shells at a rate of 2,000 pounds per hour through a pre-
due or char product, but also provides a mechanism for 25 heating arrangement 30 from which the shells are 
obtaining a higher yield for the process. passed to the reaction zone 32. The preheater 30 is 
Obviously, the apparatus of FIG. 1 may be charged optional, being primarily for the purpose of preliminary 
intermittently to maintain a continuous charge within drying of the peanut shells. The partially oxidized off 
the reaction chamber and, as well, it will be appreciated gases from the reaction zone are passed as indicated by 
that the grate 18 will be manipulated intermittently in 30 the line 34 to a condensing device 36 wherein lighter 
any event. It will also be appreciated that the term "air" volatiles or fractions which have not been condensed in 
as used herein is meant to encompass any oxygen-rich the reaction chamber are condensed and removed as 
gas whose purpose is to raise the reaction temperature liquid in the line 38 at the rate of 4378 pounds per hour 
to an operative value to yield the novel end product. whereas the remainder of the partially oxidized off 
For this purpose, the maximum reaction temperature 35 gases are passed through the line 40 at the rate of 1095 
achieved by the introduction of the air will be in excess pounds per hour whereat oxidation thereof is completed 
of that temP_Cratur.e which won!-d be attained in its ab; so that the emission characteristics of any effiuent prod-
sence and will be, m any eve~t, m :xcess of a~ut 1000 ucts of combustion are nonpolluting. Air heated by the 
F. ~though, fo~ purposes which will be explamed late~, burner 42 is applied through the line 44 to the preheater 
maxnnum reaction temperatures much greater than this 40 30. The carbonaceous residue from the reaction zone 32 
are ~r:ferred. . . . is continuously passed to a cooler SO into which water 
. It ts tmportant to note that the.rate of~ mtroduct~on is sprayed or injected as indicated by the line 52 and 
ts also related to the rate at which the highly reactive vapor is removed as indicated by the line 54. After 
off gas component is evolved, since this off gas in effect being cooled, the carbonaceous residue is passed to a 
protects the product within the reaction chamber from 45 grinder 56 from which the powdered or pulverized 
any significant oxidation by virtue of its preferential carbonaceous residue is discharged at a rate of 2667 
reaction with the air introduced. For this reason, the air pounds per hour as indicated by the line 58. At this 
introduction is at a rate less than that which would point, additives such as binders or combustion promot-
completely oxidize the off gas. ing or starting additives may be added as indicated by 
In a typical batch process utilizing the apparatus of 50 line 60. 
FIG. 1, the refractory housing 10 was preheated to a The preheater 30 preheats the peanut hulls to a tem-
temperature of approximately 800° F. by operation of perature sufficient to dry them, and the decomposition 
the electric heating element 24 and approximately 36 of the hulls in the reaction chamber is commenced or 
pounds of peanut shells were introduced into the reac- initiated in any desired fashion whereafter the air in-
tion chamber 12. Heating was continued with the heat- 55 jected into the reaction zone 32 at the rate of 2000 cubic 
ing element 24 until a reaction temperature of 975° F. feed per hour as indicated by the line 46 sustains the 
was obtained, whereupon the power was switched off decomposition and elevates the reaction temperature as 
to the heating unit 24 and the, reaction was then sus- aforesaid. Typically, the temperature in the preheater 
tained and the maximum reaction temperature raised, will be at least on the order of 250° F. and the tempera-
by the controlled introduction qf air through the mani- 60 ture of the carbonaceous residue discharged from the 
fold 26. The maximum reactiolJ, temperature was raised reaction zone 32 to the cooler SO will be in a tempera-
to 2410° F. and the residue was periodically shaken ture range of 1800° F. 
down by manipulation of the grate 18. Upon completion Based upon the flow rates indicated in FIG. 2 and as 
of the process, whereupon all of the carbonaceous resi- described above, the air is introduced into the reaction 
due or char was collected in the 9hamber 20, the residue 65 zone 32 at a rate of 0.25 cubic feet per pound of cellu-
was inspected and showed no signs of ashes and only a losic material introduced into the reaction zone 32. 
few, individual undecomposed peanut shells: These A preferred embodiment of the invention is illus-
undecomposed shells dropped through the grate into trated in FIGS. 3-5 and is in the form of a continuous 
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processing apparatus which may take the form of a the drive shaft portion 130 of the auger. As mentioned 
stationary unit or alternatively may be constructed hereinbefore, the carbonaceous residue product is dis-
upon a suitable frame adapted to be moved frqm place charged from the reaction chamber at a relatively ele-
to place as may be needed, in which event the frame is vated temperature well above that temperature at 
preferably supported by wheels so that the ent.ire appa- 5 which such material wll ignite in the atmosphere out-
ratus may be towed behind a suitable vehicle. side the reaction chamber and to prevent such ignition 
As illustrated in FIG. 3, the continuous processing of the produet the water cooling spray tubes 132 are 
apparatus consists essentially of the continuous feed provided, same having the spray nozzle heads 134 for 
supply 70 in the form of a hopper 72 provided with a delivering a spray or mist of cooling water to the dis-
removable cover 74, the bottom of the hopper being of 10 charged product. 
trough-like form as indicated by the reference character Above the rollers 112 and within the confines of the 
76 and housing therein an auger (not shown) whose reaction chamber 98 proper there are provided a series 
shaft 78 is rotatably powered by means of the drive of tubes or manifolds 138 which, as shown in FIG. 5, are 
motor 80 coupled thereto by the chain 82. The verti- slotted or apertured as at 140 and which lead to a com-
cally standing conveyor conduit 84 is connected at its 15 mon inlet manifold 142 connected to a source of air or 
lower end to the discharge region of the hopper auger other gas which is at a sufficient temperature to initiate 
to receive the peanut shells and this pipe or conduit is the exothermic decomposition of the peanut shells 
provided with the auger 86 for. delivering the shells within the reaction chamber 98 thereby to initiate the 
upwardly therethrough for delivery to the inclined continuous process carried out therein. The destructive 
chute 88 where the shells slide by gravity into the con- 20 decomposition is sustained and the reaction temperature 
fines of the reaction chamber indicated generally by the elevated by the air introduced through the grid of air 
reference character 90. The auger 86 is driven by the supply tubes indicated generally by the reference char-
motor 92 mounted at the upper end of the conduit 84. acter 144 in FIG. 4, the horizontal supply tubes 146 of 
As is illustrated in FIG. 4, the reaction chamber as- which are provided with the series of openings for 
sembly 90 includes the outer housing 94 within which is 25 discharging the air within the reaction chamber in rela-
contained the reaction chamber member 96 whose gen- tively evenly distributed fashion throughout the trans-
eral configuration is such as to present a reaction cham- verse extent thereof whereby to reach throu ghout the 
ber 98 which converges generally downwardly as cross section of the reaction chamber. The air is sup-
shown. Suitable insulating material 100 may be pro- plied through suitable supply pipes 148 and 150 and the 
vided between the chambe( 96 and the housing 94. The 30 air so introduced is, of course, at a controlled rate such 
delivery chute 88 discharges at the top of the chamber as only incompletely oxidizes the off gases as described 
98 substantially centrally thereof and immediately hereinbefore to protect the carbonaceous product from 
below this region there is provided a pair or more of any significant oxidization. The combustion product 
augers or spreaders 102 which are adapted to spread the from the reaction chamber 98 are delivered through the 
peanut shells delivered to the top of the reaction cham- 35 flue 148 to the burner assembly indicated generally by 
ber to form a more or less evenly distributed bed and to the reference character 150. The burner assembly 150 is 
maintain a relatively even distribution of the shells to for the purpose of completing the oxidization of the 
the top of the mass of shells contained within the reac- combustion product and thereby to minimize any pollu-
tion chamber 98. The drive shaft portions for these tion which might otherwise occur. The burner in the 
augers or spreaders are indicated in FIG. 3 by the refer- 40 form shown includes the four burner outlets 152 and it 
ence characters 104 and 106, suitable drive mechanism has been found that emission from the process may in 
being provided for these augers or spreaders by, as for this manner be controlled to be well below the requ.ired 
example, the drive member 108 and chain drive 110 limit. 
illustrated in FIG. 3 for the auger shaft 104. The steam generated by vaporization of the cooling 
The narrowed bottom of the reaction chamber 98 45 water introduced through the spray heads 136 is con-
contains a series of discharge rollers or grate members veyed from the collection chamber 122 through the 
112 and intervening plates 114 which are adapted to exhaust stack 154 shown in FIG. 4. 
control the discharge of the char or carbonaceous resi- Reaction temperatures as high as 2700° F. may be 
due product from the reaction chamber. These rollers maintained within the reaction chamber 98 in the region 
or grate members may be chain driven to rotate in the 50 thereof into which the· air grid 144 discharges and this 
d.irection of the arrows in FIG. 4 and for this purpose a maximum reaction temperature as well as the residence 
drive motor 116, as shown in FIG. 3, may be provided, time or throughput time of the product may be adjusted 
the drive chain and suitable associated sprockets being as desired to control the rate of production and as well 
housed within the cover member 118. The grate mem- as to control within limits the character and nature of 
bers or rollers are preferably hollow to provide for 55 the product produced. In this respect, it will be appreci-
water cooling thereof, and for this purpose water inlet ated that the temperature gradient which exists between 
connections from the pipes UO are provided to deliver the region of maximum temperature and the top of the 
cool water to the interior of the rollers and correspond- reaction chamber 98 controls the amount of volatiles 
ing discharge conduits are connected to the opposite which will be condensed in the upper regions of the 
ends thereof, the details of which are not shown since 60 reaction chamber. That is to say, the lower the tempera-
such constructions are in themselves old and well ture at which the combustion product exits through the 
known. flue 148, the greater the degree of condensation which 
The bottom of the reaction chamber member 96 is will be produced. The heavier tars which do condense 
formed as a discharge trough 122 within which the on the shells in the upper strata of the reaction chamber 
auger 124 is contained for receiving the discharged 65 then migrate with the shells upon which they are con-
carbonaceous product and delivering it to a collection densed ultimately to the maximum temperature region 
point. The auger 124 is provided with a drive motor 126 of the reaction chamber whereby progressively to fur-
as shown in FIG. 3 coupled through the chain 128 to ther decompose and carbonize these tars so as to build 
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up the carbonaceous residue product and increase the 
yield of the process. In this connection, yields of about 
35% are possible. 
I claim: 
1. In a process for the production of a high-carbon S 
content carbonaceous residue product from a particu-
late cellulosic material, which material decomposes at 
elevated temperatures in an exothermic reaction, to 
produce a gaseous component containing a condensable 
fraction, and a less-readily oxidized solid component, 10 
the steps comprising: 
(a) introducing such cellulosic material into the upper 
end of a vertical reaction zone; 
(b) substantially continuously effecting the descent of 
said material, as a non-fluidized moving bed, within lS 
said zone and outwardly therefrom; 
( c) heating said material to effect its thermal decom-
position, into said gaseous and solid components, in 
said zone; 
( d) introducing air at a flow rate in the order of 0.25 20 
cu. ft. of air per pound of cellulosic material intro-
duced in step (a) into the lower portion of said zone 
at a plurality of vertically-spaced locations par-
tially to oxidize said gaseous component and raise 
the temperatures in said bed, and passing the resul- 2S 
tant gas upwardly therethrough; and 
(e) controlling both the rate of descent of said bed 
through said zone and said flow rate of said air 
introduced thereinto, to: 
(1) sustain said thermal decomposition of said mate- 30 
rial, while avoiding complete oxidation of said 
gaseous component, 
(2) establish an upwardly decreasing vertical tem-
perature gradient in said bed, 
(3) effect condensation of at least part of said con- 3S 
densable fraction upon said material near said 
upper end of said zone, and 
(4) effect substantially complete devolatilization of 
said solid component, so as to produce a substan-
tially dry, devolatized carbonaceous residue 40 
product having an elemental carbon content in 
excess of about ninety percent by weight thereof 
and a surface area in excess of about 100 sq. 
meters per gram. 
2. The method of producing an active carbonaceous 4S 
product directly from a particulate cellulosic material 
of the type which decomposes at elevated temperatures . 
so 
SS 
60 
6S 
in an exothermic reaction into a gaseous component 
containing a condensable fraction and a solid carbona-
ceous component which is less readily oxidized than 
said gaseous component, which comprises the steps of: 
(a) introducing the particulate cellulosic material into 
the top of a vertical reaction chamber while dis-
charging incandescent carbonaceous product from 
the bottom of the reaction chamber at a tempera-· 
ture of about 1800° F., the introduction of material 
and discharge of product being controlled so as 
continuously to maintain a selected height of mate-
rial in said reaction chamber while effecting con-
trolled descent of material through a high tempera-
ture reaction zone confined to a lower region of 
said reaction chamber; 
(b) discharging all gases generated in said reaction 
chamber from the top thereof so that such gases 
make only a single upward pass through the mate-
rial in said chamber; 
( c) sealing the bottom of the reaction chamber against 
the introduction of air therethrough by discharging 
said incandescent carbonaceous product into a 
confined space and spraying water onto said incan-
descent product to cool the product below that 
temperature at which it will burn in air and to 
generate a steam atmosphere within said confined 
space; 
(d) introducing air substantially uniformly into and 
substantially throughout said reaction zone at a 
rate in the order of 0.25 cubic feet of air per pound 
of cellulosic material introduced in step (a) such 
that all of the oxygen in said air is consumed by 
oxidation of a portion only of the gaseous compo-
nent generated in said reaction zone; and 
(e) controlling the descent of material in step (a) with 
· relation to the rate of air introduction in step ( d) to 
create a decreasing temperature gradient from said 
reaction zone to the top of said selected height of 
material, which gradient causes condensation of a 
sufficient amount of the heavier components of said 
condensable fraction on the material between said 
reaction zone and said top of the material as to 
cause said product to have a carbon content in 
excess of about ninety percent by weight and a 
surface area iii excess of about 100 square meters 
per gram. 
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